Complete Bouguer gravity, aeromagnetic, and ground magnetic data interpreted in light of geologic mapping and well data within a 30-minute quadrangle centered near Cholame, Calif., express highly contrasting subsurface rock and struc-C2 GEOPHYSICAL FIELD INVESTIGATIONS 120°3 5° FIGURE 1. Map showing area investigated.
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Northeast of the San Andreas fault the geophysical data reveal the presence of (1) a major gravity high between Parkfield and Cholame, associated with relatively dense, nonmagnetic Franciscan and Cretaceous miogeosynclinal rocks overlain by Cenozoic rocks in the northeastern Diablo Range and in contact with low-density Cenozoic rocks southwest of the fault, (2) an elongate magnetic ridge and gravity trough at Table Mountain, probably generated by a thick tabular body of serpentinite dipping steeply north-northeast, inferred to be the main source of the serpentinite extrusion along this mountain, (3) a major elliptical magnetic high in an area of low density gradient near Palo Prieto Pass, probably associated with a large, deeply buried serpentine-rich body bounded on the southwest by the vertical San Andreas fault and on the northeast by a northeast-dipping contact or fault with nonmagnetic rocks, and (4) a northwest-trending gravity low over the Kettleman Plain, probably produced by a thickening of low-density Cenozoic sedimentary rocks near the axis of a major syncline.
Southwest of the San Andreas fault the data show (1) a local gravity high north of Red Hills, associated with an uplift of plutonic and metamorphic rocks in these hills on the northeast side of the San Juan fault, (2) a prominent southwest-sloping northwest-trending gravity gradient southeast of Red Hills, which suggests a buried basement fault or a steep subsurface contact between basement and sedimentary rocks extending from the San Juan fault southeastward to the San Andreas fault near the southern end of the quadrangle, (3) a discontinuous north west-trending gravity trough east and north of Shandon, probably associated with a depression of the basement surface under an area near San Juan Creek, and (4) a broad northeast-trendinf gravity plateau west-southwest of Shandon, probably associrted with a thinning of Cenozoic sedimentary rocks overlying r. shallow basement surface that slopes from the extensive basement exposures of the La Panza Range southwest of the quadrangle.
INTRODUCTION
This report considers the relationship of Pouguer gravity data, total-intensity aeromagnetic data, and vertical-intensity ground magnetic data to generalized geology in an area critical to an understanding of the San Andreas fault. The gravity data are presented as a 2-mgal (milligal) complete Pouguer anomaly map overprinted on the geologic map. These data were collected by S. H. Burch as part of a regional survey for the San Luis Obispo 1:250,000 sheet (Burch and others, 1971 ). The magnetic data include a 20-gamma reconnaissance aeromagnetic map supported in much of the area by ground magnetic coverage. These data are part of a broader study of the San Andreas fault by Hanna and others (1972) . The geology was mapped by T. W. Dibblee as part of a regional geologic mapping project of the southern Coast Ranges adjacent to and near the San Andreas fault. Detailed geologic mapping by Dickinson (1966a Dickinson ( , 1966b of part of the area of this report was incorporated.
The mapped area, centered near Cholame, Calif, ( fig. 1) , contains a 42-mile section of the San Andreas fault. It is a 30-by 30-minute block covering nearly 1,000 square miles in the southern Coast Ranges. It is composed of the Orchard Peak, Parkfield, "Reef Ridge," and Shandon 15-minu^e quadrangles. "Reef Ridge" is the name here applied to the unpublished 15-minute quadrangle containing Cl
The map area includes 268 gravity stations tied to 11 base stations. Principal facts for th^ base stations are listed in table 1; those for all other stations, in table 2. The data are referenced to California Division of Mines and Geology Base Station 173 (Chapman, 1966, p. 36) at the U.S. Geological Survey headquarters in Menlo Park, Calif. The observed gravity at this base, determined by numerous ties to the North American Gravity Standardization Stations at the San Francisco International Airport, is taken to be 979,958.74 mgal.
The precision of the gravity data varies from station to station. The observed gravity measurements for the 219 stations read with LaCosto-Romberg gravity meters have a precision of about 0.03 mgal after correcting for lunar and solar tidal effects.
Observed gravity values of the 49 stations read with a Worden gravity meter (scale constant about 0.5 mgal per scale division) have a prvision of about 0.1 to 0.2 mgal after correcting for instrument drift. Latitude and longitude were measured to within 0.02 minute by using Geological Survey topographic maps. Elevation accuracies vary considerably according to the types of source data. Roughly 60 percent of the stations were r^ad on or near bench marks where elevations are precise to at least 0.5 feet. Another 20 percent are fieM-checked spot elevations precise to about 2 feet, ard 20 percent are unchecked photogrammetric elevations precise to about 5 or 10 feet, depending on the map contour interval. Three elevations were established by altimetry with an estimated precision of 10 to 20 feet.
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Observed gravity values were converted to anomaly values using a gravity-reduction program developed by S. H. Burch. The basic procedures and formulas of the reduction are as follows, where gravity values are in milligals: 1. The gravity difference (AG) between the base and a given station is calculated and corrected for lunar and solar tide and instrument drift. 2. Observed gravity (OG) equals gravity base value + AG. 3. Theoretical gravity (THG) equals 978,049
[1 + 0.005228 sin2 0-0.0000059 sin2 (20) Quantitative interpretation of gravity data here is based largely on two-dimensional crustal models constructed with the use of computer programs of Bott (1960) and Talwani. (See Talwani and others, 1959.) Corrections for finite strike length of these models were made using graticule methods of Henderson and Zietz (1957) and a computer program of Talwani and Ewing (1960) for three-dimensional bodies. Preliminary calculations of anomalous subsurface mass were made by using a program based on the two-dimensional program of Bott (1960) .
Density contrasts used to analyze anomalous gravity features are average or median values based in part on data of Bailey and others (1964) , Burch (1965) , Byerly (1966) , Clement (196F) , and D. C. Ross (oral commun., 1969) . Estimates of average densities used for various lithologic units conform generally to those used in nearby areas (Burch and Durham, 1970; Burch, 1971; Burch and others, 1971) , and the following ranges of values, except where they apply to "surficial deposits," may be interpreted as wet bulk densities : In first approximations of subsurface mass distributions, a density contrast of 0.5 g/cm3 was assumed between either Franciscan or Salinian basement rocks and overlying post-Eocene rocks, and a density contrast of 0.3 g/cm3 was assumed between either Franciscan or Salinian basement rocks and overlying pre-Eocene rocks. Effective models for subsurface distributions of mass were ultimately based on "lumped" average densities for Quaternary sedimentary rocks and deposits and for most Tertiary sedimentary rocks. The lithologic breakdown of densities used in this report conforms to similar density units used in gravity studies to the west. (See Burch, 1971; Burch and Durham, 1970.) 
MAGNETIC SURVEYS
Aeromagnetic data within the map area are part of a reconnaissance survey of part of the San Andreas fault. (See Hanna, 1968a .) The flight pattern of the reconnaissance survey consists of seven traverses 4 miles apart parallel to the San Andreas fault between San Francisco and San Benardino. The central flight line follows the surface trace of the fault. A single transverse line was flown about 5 miles southeast of Parkfield within the map area. The total intensity contoured data (pi. 2) consist of digitally recorded output from an ASQ-10 fluxgate magnetometer flown at 6,500 feet barometric elevation. Flight paths were recovered using an APN-147 Doppler system and were checked with a strip-film camera. A regional magnetic field of 9 gammas per mile in the direction N. 16° E. was removed from the aeromagnetic map.
Vertical-intensity ground magnetic data were collected over the southern two-thirds of the map area and are presented as a 50-gamma contour map. (See pi. 3.) Measurements were made with a Sharpe model MF-1R-100 fluxgate magnetometer having a maximum sensitivity of about ±2 gammas. Approximately 150 stations were read and tied to six secondary base stations that were adjusted relative to a primary base station near Shandon. Multiple readings of stations within the network indicate a precision of about ±15 gammas for most of the survey. The azimuth of the instrument was kept at a fixed angle relative to magnetic north in order to avoid "heading" errors. Local magnetic fields generated by an extensive network of pipelines and a number of well casings south of Cholame were carefully avoided during the ground magnetic work. A regional magnetic field of 15 gammas per mile in the direction N. 16° E. was removed from the map.
MAGNETIC INTERPRETATION
Magnetic data were analyzed with the assistance of digital computer programs for calculating totaland vertical-intensity magnetic fields over two-and three-dimensional bodies. Regional magnetic gradients of the vertical and total fields, due primarily to the dipolar nature of the field produced by the earth's core, were subtracted from the observed data using U.S. Coast and Geodetic Surrey magnetic charts. An induction-type apparatus (Hanna, 1968b ) was used to measure magnetic susceptibilities of selected rock specimens.
Magnetization contrasts used in analyzing anomalous magnetic features are estimated average values partly based on data of Burch (1965) , Saad (1968), and DuBois (1963) and partly based on data presented in this report. In the present study, total magnetization (induced plus remanent) contrasts of 0.0005 to 0.0050 emu/cm3 (electromagnetic units per cubic centimeter) were assumed between serpentinites and surrounding rocks. Although Salinian basement rocks may have magnetizations of as much as 0.001 to 0.005 emu/cm3 locally within the map area, a probable average magnetization value for most of these rocks is 0.0001 emu/cm3 or less, considerably lower than values for magnetic rocks near Table  Mountain and Palo Prieto Pass.
GEOLOGIC SETTING
The mapped area is separated into two major tectonic units by the northwest-trending San Andreas fault (pi. 1), probably California's most spectacular and widely known structural feature. Tens, and perhaps hundreds, of miles of right-lateral rtrike-slip movement have taken place on the San Andreas in Cenozoic time (Hill and Dibblee, 1953; Crowell, 1962; Dickinson and Grantz, 1968) , and it has been the source of major and recurring earthquakes in recent historic time. Within the mapped area, active right-lateral strike slip on the San Andrers fault is indicated by (1) prominent offset of stream channels and other features, (2) measurable offset of triangulation networks (Burford, 1966; Howard, 1968) , and (3) offset of manmade feature:-1 and surface ruptures formed during the 1966 Parkfield-Cholame earthquake. (See Brown and others, 1967.) The tectonic unit northeast of the San Andreas fault includes the southeastern Diablo Range and northwestern Temblor Range. Pervasively sheared rocks of Mesozoic age composed of Franciscan rocks and associated ultramafic rocks constitute the "basement" of this terrane. Owing to its pervasively sheared condition, this "basement" is plastic and is structurally overlain by approximately 18,000 feet of marine sedimentary rocks of Tertiary and Cretaceous age, which in turn is overlain by nearly 3,000 feet of Quaternary valley sediments.
The region southwest of the San Andreas fault is an area of low hills that are transected by and drain into Cholame and San Juan Creeks, which empty into the Salinas River. It is part of the "Salinia" block of Reed (1933, p. 21) or Salinian block of Compton (1966) , of which the basement is composed of crystalline rocks made up of plutonic rocks of Mesozoic age and local pendants of older metasedimentary rocks. Because of its crystalline texture, this basement is moderate^ rigid. It is overlain by roughly 4,500 feet of Tertiary sedimentary rocks, which in turn are unconformably overlain by Quaternary valley sediments as thick as 3,000 feet.
Rock units are lumped to conform with similar units of the generalized geologic maps used for gravity interpretation to the west. (See Burch and Durham, 1970; Burch, 1971 .) The main purpose of combining rock units in this fashion is to facilitate geophysical interpretation. Because the lumping of units was in places arbitrary and because these units appear on similar generalized geologic maps to the west, it is necessary to describe in some detail the lithologic and structural features of the units as they occur within the map area.
ROCK UNITS

PLUTONIC AND METAMORPHIC ROCKS
Within the mapped area the basement of the Salinian block is composed mainly of plutonic rocks and a few small lenses, pendants, and xenoliths of gneiss, schist, and marble. These basement rocks crop out in the Red Hills and at several places near Parkfield; they were penetrated by 11 exploratory wells (Nos. 1, 11, 18, 19, 20, 31, 39, 40, 42, 44 , and 47 on pi. 1 and in table 3). The most prominent exposures are in the Red Hills, where the rock is a gray, medium-grained, somewhat gneissoid quartz diorite containing roughly 15 percent biotite and lesser amounts of hornblende. Outcrops of granodiorite with less biotite occur about 4 miles west of Parkfield. The granitic rock penetrated in the six exploratory wells ranges from granodiorite to hornblende-rich diorite. Granodiorite is exposed extensively in the LaPanza Range southwest of the map area.
In addition to their occurrence west of the San Andreas fault, plutonic rocks are found in the fault block between the San Andreas and Gold Hill faults. The small exposures near Middle Mountain northwest of Parkfield are composed of granitic rocks and pendants of marble and schist that are typical of basement rocks west of the San Andreas fault. However, the outcrops at Gold Hill differ in that they are mainly hornblende quartz gabbro composed of hornblende and calcic plagioclase in nearly equal amounts, a small percentage of quartz (Ross, 1970) , and a very small mass of marble. The age of the gabbro was estimated by the potassium-argon method to be about 143 million years. (Se^ Hay, 1963, p. 113-115.) This age is similar to ages obtained for plutonic rocks of the foothills of the Sierra Nevada, yet it differs greatly from the age of 80.5 million years obtained for areas of basement rocks in the LaPanza Range to the west. (Se<* Hay, 1963, p. 113.) Densities of plutonic rocks of the Salinian block are assumed to average 2.6 to 2.7 g/cm3 ; those of associated metamorphic rocks may be as much as 3.2 g/cm3 if the rocks are comparable to schists from the Salinian block outside of the map ares,. (See Compton, 1964, p. 281 .) The hornblende quartz gabbro of Gold Hill averages 2.90 g/cm3, based on densities for nine samples of D. C. Ross (oral commun., 1969) .
The magnetizations of Salinian plutonic rocks in the map area probably average about 0.0005 emu/cm3 or less. Metamorphic rocks are generally nonmagnetic relative to the plutonic rocks. Measured susceptibilities of hornblende quartz gabbro from a single outcrop at Gold Hill average 0.0001 emu/cm3 or less, although the value of one sample exceeds 0.0010 emu/cm3.
ULTRAMAFIC ROCKS
The ultramafic rocks are commonly emplaced along faults and within Franciscan rocks. Most are serpentinites typical of those found throughout Franciscan terrane. (See Bailey and Everhart, 1964, p. 47 .) The smaller bodies are thoroughly serpentinized, and intense shearing has destroyed original textures in all but a few small remnant blocks. The centers of the larger bodies consist of blocky serpentinite, but invariably this material grades outward to the usual sheared serpentinite. These serpentinite bodies crop out as elongate pods, lenses, or sheets generally concordant with the regional structure. They commonly form discontinuous trains that extend many miles, probably along major fault zones. In a few places the serpentinite contains small masses of medium-to coarse-grained diabase composed mainly of hornblende and plagio- Year drilled Pre-1900 Pre- 1963 Pre- 1931 Pre- 1948 Pre- 1936 Pre- 1944 Pre- 1950 Pre- 1932 Pre- 1938 Pre- 1961 Pre- 1959 Pre- 1953 Pre- 1958 Pre- 1958 Pre- 1953 Pre- 1951 Pre- 1934 Pre- 1949 Pre- 1949 Pre- 1949 Pre- 1950 Pre- 1950 Pre- 1949 Pre- 1946 Pre- 1954 Pre- 1959 Pre- 1954 Pre- 1952 Pre- 1950 Pre- 1957 Pre- 1945 Pre- 1950 Pre- 1927 Pre- 1962 Pre- 1958 Pre- 1961 Pre- 1958 Pre- 1955 Pre- 1949 Pre- 1937 Pre- 1925 Pre- (?) 1956 Pre- 1956 Pre- 1955 Pre- 1949 Pre- 1949 Pre- 1957 clase. The largest of these is in a quarry one-half of a mile west of the Antelope pumping station near Polonio Pass.
Densities of serpentinized ultramafic rocks vary considerably within the mapped area, the lowest values occurring in highly sheared rocks at Table  Mountain . For purposes of gravity interpretation, a wet bulk density range of 2.3 to 2.5 g/cm3 was as-sumed for anomaly-producing serpentinites within the mapped area.
Measured magnetic susceptibility values of serpentinized rocks within the mapped area fall into two distinct groups: one of about 1 to 4 x 10~3 emu/ cm3 and another of about 5x10-* emu/cm 3. The most highly sheared, mechanically incompetent serpentinites of Table Mountain possess the strongest induced magnetizations. Remanent magnetization was not measured, mainly because of the difficulty of finding material sufficiently coherent for collection and subsequent drilling. For interpretation purposes, serpentinites were assumed to have a total magnetization intensity range of 0.002 to 0.005 emu/cm 3-Because magnetic intensities of ultramafic rocks increase with degree of serpentinization (Burch, 1965; Saad, 1968) , the average magnetizations of serpentinite bodies may be strongly a function of depth below ground surface or distance from the center of the body.
FRANCISCAN ROCKS
Eugeosynclinal Franciscan rocks lie structurally below younger Cretaceous rocks in the Diablo and Temblor Ranges. In this area Franciscan rocks consist of a pervasively sheared assemblage of eugeosynclinal sedimentary and mafic volcanic rocks. They are composed of large and small shattered lenticular masses or monoliths of graywacke, greenstone, chert, and a few small blocks of glaucophane schist in a matrix of pervasively sheared argillaceous shale or claystone. The lenticular masses are generally oriented parallel to the shear planes of the matrix, which generally strike northwest and dip northeast, mainly at high angles. In the mapped area Franciscan rocks were described by Dickinson (1966a, p. 462) , as [an [intensively deformed "tectonic breccia."
Owing to the pervasively sheared condition of the breccia, the thickness of Franciscan rocks here is difficult to estimate. Its age is not definitely known but is presumed to be Late Jurassic to Late Cretaceous on the basic of fossils reported from Franciscan rocks elsewhere. (See Bailey and others, 1964, fig. 23.) Densities of various Franciscan lithologies are estimated to range from about 2.0 to 3.2 g/cm 3. Measurements of Bailey, Irwin, and Jones (1964, pi. 2) on 16 graywacke samples clustered 9 miles northnorthwest and 7 miles east of Parkfield (10 samples are within the mapped area, 7 are just north of the area) give an average density of 2.65 g/cm 3> excluding an anomalously low value of 2.34 g/cm 3 for a single sample north of the map area. Greenstones are assumed to average about 2.8 g/cm 3 on the basis of Clement's data (1965) ; chert, about 2.65 g/cm 3, the average density of quartz. Small blocks of glaucophane schist have densities that may average 3.0 to 3.2 g/cm 3 on the basis of data of Borg (1956) and Bloxam (1959 Bloxam ( , 1960 . Argillaceous shale and claystone are assumed to have densities that range from about 2.0 to 2.5 g/cm 3.
It is clear that no single density can adequately characterize the Franciscan rock assemblage in the mapped area. For purposes of gravity interpretation, however, an average density of 2.65 to 2.70 g/cm 3 was found to be reasonable over much of the area.
Except for local occurrences of greenstone that have average total magnetizations probably less than 0.0005 emu/em 3, Franciscan rocks are believed to be relatively nonmagnetic in the mapped area.
CRETACEOUS AND EOCENE MIOGEOSYNCLINAL ROCKS
Northeast of the San Andreas fault pervasively sheared Franciscan rocks and ultramafic rocks are overlain, either unconformably or tectonically, by a thick series of miogeosynclinal marine clastic sedimentary rocks of Cretaceous and Eocene age. This series as defined by Dibblee (1972) was divided into two major sequences, one of Cretaceous age and one of early Tertiary (Eocene) age. Because these sequences are of about the same density, they are grouped on the map as one unit (pi. 1).
The lower sequence, defined by Dibblee (1972) as the Cretaceous marine sedimentary sequence and also known as the "Great Valley sequence" (Bailey and others, 1964, p. 123) , consists of as much as 10,500 feet of strata. It is composed of two distinct units, in ascending order: (1) Badger Shale of Marsh (1960) , dark argillaceous shale and thin interbeds of graywacke, as thick as 3,900 feet, of Early Cretaceous (?) age, and (2) Panoche Formation, interbedded argillaceous shale and sandstone, as thick as 6,800 feet, of Late Cretaceous age.
The upper sequence, defined as the lower ^ertiary marine sedimentary sequence, unconformab'y overlies the Cretaceous sequence, is mainly of Eocene age, and is composed of two units, in ascending order: (1) Avenal Sandstone, including Acebedo Sandstone of Dickinson (1966a) , about 300 feet thick, middle Eocene, and (2) Kreyenhagen Shale and Point of Rocks Sandstone (probably stratigraphic equivalents or fades) totaling about 3,000 feet thick, middle and upper Eocene, and in part Oligocene.
In the strip between the San Andreas and Gold Hill faults, about 2,000 feet of massive marine sandstone of probable Eocene age overlie? hornblende quartz gabbro.
Densities of the Cretaceous and Eocene shales and sandstones probably range from about 2.1 to 2.7 g/cm 3 on the basis of data of Byerly (1£^6) for an area to the north. In the present investigation, an average density range of 2.5 to 2.65 g/cm 3 was assumed for these rocks.
Magnetizations of the Cretaceous and Eocene sedimentary rocks are negligibly small.
MIDDLE AND UPPER TERTIARY ROCKS
DISTRIBUTION
Sedimentary rocks of middle and late Tertiary age occur extensively on both sides of the San Andreas fault and are composed of two sedimentary sequences as defined by Dibblee (1972) . The lower one, of Oligocene and Miocene age, is composed of clastic sedimentary rocks and a low-density unit of siliceous shale. The upper unit, mainly of Pliocene age, is composed of clastic sedimentary rocks. In this report this series of middle and upper Tertiary sedimentary rocks is divided into two units of clastic sedimentary rocks separated by the siliceous shale unit. These units are, in ascending order: lower Miocene deposits, Monterey Shale, and upper Miocene and Pliocene deposits. In addition to these sedimentary rocks, there is a local volcanic unit of Miocene age which is not shown on the map.
Densities of middle and upper Tertiary rocks fall within the range 1.4 to 2.6 g/cm 3, although average density values used in gravity interpretation are restricted to the range 2.2 to 2.4 g/cm 3.
All middle and upper Tertiary rocks in the mapped area, including volcanic rocks, may be considered nonmagnetic for purposes of interpretation.
VOLCANIC ROCKS
Silicic volcanic rocks, radiometrically dated by Turner (1970) Northeast of the fault they are the marine Temblor Formation of Dickinson (1966a Dickinson ( , 1966b , which is composed of semifriable arkosic sandstone, gray claystone, and local basal conglomerate. The unit lies unconformably on formations ranging from Eocene to Franciscan, with increasing discordance westward toward the San Andreas fault. In most places it is a few hundred feet thick, although in parts of the Temblor Range it may be either absent or as much as 4,000 feet thick. Southwest of the San Andreas fault, this unit is represented by terrestrial red conglomerate exposed only in the Red Hills. It is as thick as 3,000 feet and is composed of unsorted granitic cobbles and boulders in a matrix of red to gray arkosic sandstone. It here rests directly on granodiorite. About 3,200 feet of similar conglomerate was pentrated in an exploratory well (No. 20 on pi. 1 and in table 3) 2 miles northwest of Cholame. Several wells (Nos. 18, 31, 39, 40, 42) southwest and northwest of Shandon passed from Monterey Shale into a few hundred feet of marine sandstone of the Vaqueros Formation and terrestrial red beds, then into granitic basement.
The average density assumed for the lower Miocene rocks within the map area is 2.4 g/cm 3, although local variations from this value are common.
MONTEREY SHALE
The Monterey Shale is a distinctive unit of marine siliceous shale of early, middle, and late Miocene age. It is present on both sides of the San Andreas fault, but the stratigraphy of the northeast side differs from that of the southwest. Northeast of the fault, it is exposed in the Temblor and Diablo Ranges. It is as thick as 4,000 feet in the Temblor Range near Bitterwater Creek but thins northward to only 600 feet in McLure Valley. In the Bitterwater Creek area, the Monterey Shale is composed of three members, in ascending order: (1) Southwest of the San Andreas fault the Monterey Shale is not exposed within the mapped area but is present in the subsurface. Exploratory wells drilled for oil or gas southwest and west of Shandon (Nos. 32, 39, 40, 41 , and 42 on pi. 1 and in table 3) passed through more than 1,000 feet of Monterey Shale between sandstones of the Santa Margarita and Vaqueros Formations. Northeastward this shale unit thins out at or near the San Juan fault. The Monterey Shale of this area is of middle Miocene age and is composed of a lower unit of argillaceous shale and an upper unit of siliceous shale.
The wet bulk density assumed for the Monterey Shale is 2.3 g/cm 3 in conformity with Clement's data (1965) from an area to the north. Dry bulk densities for this shale may be as low as 1.4 g/cm 3, as suggested by Byerly's data (1966) .
UPPER MIOCENE AND PLIOCENE SEDIMENTARY ROCKS
Sedimentary rocks of late Miocene and Pliocene age are of different stratigraphy on opposite sides of the San Andreas fault. Northeast of the fault the sequence, in ascending order, consists of (1) the Reef Ridge Shale, 0 to 500 feet thick, uppermost Miocene, and (2) the Etchegoin Formation, interbedded marine sandstone, siltstone, and clay shale, 7,000 feet thick. In the Kettleman Hills the equivalent of the upper 2,000 feet of the Etchegoin Formation is mainly marine and brakish-water siltstone known as the San Joaquin Formation, upper Pliocene. (See Woodring and others, 1940.) Southwest of the San Andreas fault, the sequence, in ascending order, consists of (1) the Santa Margarita Formation, a marine friable sandstone about 1,200 feet thick, upper Miocene and lower Pliocene (?), exposed in the Red Hills and northwest of Cholame, (2) Pancho Rico Formation, diatomaceous mudstone, as thick as 1,200 feet, lower Pliocene, exposed west of Cholame Valley only, (3) unnamed sandstone and siltstone, Pliocene(?), as much as 2,000 feet thick in wells northwest and southwest of Shandon only, and (4) Morales (?) Formation, terrestrial gravel and sand, 0 to 700 feet thick, upper Pliocene (?).
Average bulk densities used for gravity interpretation range from 2.2 to 2.3 g/cm 3, slightly less than the assumed average wet bulk density of the Monterey Shale.
UPPER CENOZOIC VALLEY DEPOSITS
Alluvial and lacustrine sedimentary deposits of late Pliocene and Pleistocene age are extensive on both sides of the San Andreas fault. The sediments are weakly consolidated gravels, sands, clays, and thin marl beds having an aggregate thickness of as much as 3,000 feet. Those deposited in the San Joa- Bulk densities of the valley deposits assume a broad spectrum of values depending upon whether or not the materials are water-saturated. In the present study, an average wet bulk density of 2.2 g/cm 3 was assumed.
SURFICIAL DEPOSITS
Surficial deposits include alluvium of Pleistocene and Holocene age and landslide debris. The alluvium is composed of unconsolidated gravel, sand, ar<3 clay. Much of the older alluvium covers the floors of major valleys to depths of perhaps 200 feet. Much of the more recent alluvium is found along streambeds and as flood-plain deposits. Landslide debris is very common and covers large areas, particularly on the west flank of Table Mountain . Surficial deposits are not shown on the geologic map at places where they are small in extent and the identity of the underlying rock unit is relatively certain.
Assumed wet and dry bulk densities for these various surficial deposits range from 1.4 to 2.0 g/cm 3.
GEOLOGIC STRUCTURE AND TECTONICS
STRUCTURAL SETTING
By far the most significant structural feature in the area is the San Andreas fault. The style of deformation throughout the area in fact may be related to the fault, with the intensity of deformation decreasing away from the fault. The same general structural pattern prevails on both sides of the fault, although deformation was considerably less intense in rocks overlying the relatively competent plutonic and metamorphic basement to the south-469-845 O -73 -2 west and more intense in rocks overlying more plastic Franciscan and ultramafic rocks to the northeast.
The area northeast of the San Andreas fault was intensely squeezed and the Diablo and Temblor Ranges were thereby elevated by compressive forces. The prevasively sheared and brecciated Franciscan and ultramafic rocks reacted to stress as a plastic mass would, and the overlying sedimentary rocks reacted as a crust. The formations are compressed into folds with axes that trend on the average about N. 50° W., compared with N. 40° W. for the San Andreas fault. The folds are most severely compressed adjacent to or near the fault and progressively less compressed and less crowded away from the fault. This fold pattern appears to be the effect of lateral drag, which resulted from southeastward movement of the area northeast of the San Andreas fault relative to the Salinian block and which combined with severe pressure of rigid Salinian basement rocks against the more pliable terrane of Franciscan and utramafic rocks northeast of the fault.
The Salinian block was much less deformed than the area northeast of the fault because its plutonic and metamorphic basement was more resistant to stresses. As a consequence, the overlying sedimentary cover, which is much thinner than that northeast of the San Andreas fault, is generally undeformed. Only within a few miles of the San Andreas fault are sedimentary rocks mildly deformed into minor folds, which, like folds northeast of the faults, have axes that trend about N. 50° W.
STRUCTURAL HISTORY
The mapped area was affected by diastrophism during the following times: (1) early Cretaceous (?), (2) Paleocene, (3) Oligocene, (4) late Pliocene to early Pleistocene, and (5) late Pleistocene.
The granitic rocks of the Salinian block were emplaced in the metamorphic rocks during Cretaceous time according to the age determination of Evernden and others (1964) . Other plutonic rocks, such as the hornblende quartz gabbro of Gold Hill, were emplaced earlier.
It is not definitely known where or how the Franciscan rocks became pervasively sheared and brecciated. The ultramafic rocks were emplaced during or after their deposition and are themselves sheared and brecciated. The lack of such deformation in the overlying Cretaceous and Tertiary rocks suggests that the shearing took place before these rocks were deposited, that is, presumably in earTy Cretaceous or very late Jurassic time.
The unconformity at the base of the Eo?ene marine sedminentary sequence of the area northeast of the San Andreas fault indicates mild deformation, uplift, and erosion after late Cretaceous time and before middle Eocene time, that is, probaWy in Paleocene or early Eocene time.
Severe diastrophism probably affected the whole area during Oligocene time. In the area northeast of the San Andreas fault, this disturbance is indicated by the great unconformity at the base of the Miocene rocks and by the westward overlap or progressively older formations toward the San Andreas fault. During this diastrophism the Franciscan and ultramafic rocks were exposed, probably for the first time, near and adjacent to the San Andreas fault by regional northeastward tilting and folding. Southwest of the San Andreas fault, the crystalline basement was probably stripped bare of any overlying sedimentary rocks that may have been present, then covered by Oligocene and Miocene sediments.
The mapped area was affected by severe diastrophism at the end of Pliocene or beginning of Pleistocene time, as indicated by the grert unconformity at the base of the Paso Robles aid Tulare Formations. This diastrophism resulted in the first uplift of the present Diablo and Temblor Ranges, during which uplift the major folds that had formed in Franciscad rocks, Cretaceous recks, and Eocene rocks during the Oligocene diastrophism were further compressed and perhaps faulted and many new folds in the Miocene and Pliocene sedimentary rocks were formed.
The diastrophism that began at the erd of the Pliocene, if not locally continuous througl Pleistocene time, was rejuvenated in late Pleistocene time after deposition of the Paso Robles and Tulare Formations. It resulted in uplift of the Diablo and Temblor Ranges to their present heights, further compression of folds formed during the Oligocene diastrophism, and formation of new folds, such as in the Kettleman Hills anticline, in the valley deposits. Most of the faults of this region probably formed during this and the Oligocene diastrophism.
The axes of folds as well as the traces of associated thrust faults formed during the Ceno^oic diastrophic events have an average trend of about N. 50° W., which indicates that these structures must have been formed by the same stress. Many of the north-to northwest-trending faults show evidence of right-lateral displacement. The structural pattern of this region strongly suggests that the folds and faults are genetically related to, and possibly subsidiary to, right-lateral movement on the San Andreas fault and were formed by the same stress or stresses, as postulated by Hill and Dibblee (1953) . If this is so, the San Andreas fault must have been active during all the Cenozoic diastrophic events, if not continuously during Cenozoic time.
Thus nearly all structural features of the area may be directly or indirectly related to movement on the San Andreas fault. Abundant evidence within the mapped area and elsewhere indicates many tens of miles of right-lateral movement along the fault in Cenozoic time, as noted by Hill and Dibblee (1953) and Dibblee (1966) .
DIABLO RANGE
The Diablo Range within the mapped area is composed of two southeastward-plunging anticlines separated by a syncline. The southwestern margin of the range is essentially an uplift on a major northeast-dipping reverse fault. The core of pervasively sheared Franciscan and ultramafic rocks exposed along the anticlinal uplift north of Castle Mountain and along Table Mountain is the southeastward continuation of the 30-mile-long exposure of these rocks along the northeast side of the San Andreas fault. (See Jennings and Strand, 1958.) The northeast anticline, referred to here as the Pyramid Hills anticline because it plunges southeastward into the Pyramid Hills, has a steep northeast flank, part of which has been displaced southeastward relative to the southwest flank, along a fault near the fold axis.
The Castle Mountain syncline, which forms the prominent feature of Castle Mountain, plunges eastward and is offset northward on a fault from the McLure Valley syncline, its southeastward continuation.
The Franciscan rocks of Table Mountain are partly overlain by remnants of a thrust (?) plate of Cretaceous sedimentary rocks, as mapped by Dickinson (1966a Dickinson ( , 1966b . Along the crest of this mountain both of these rocks are partly covered by a body of serpentinite that was mapped and described by Dickinson (1966a) as a subhorizontal sheet about 12 miles long which was extruded by plastic flowage from narrow, steeply-dipping dikes of serpentine breccia. Dickinson postulated that these dikes were fissure feeders, possibly along faults, that extended upward from a subterranean mass of serpentinite mobilized into cold plastic material by stresses during the Pliocene and Pleistocene orogenesis of the Diablo Range. Southeastward, the pervasively sheared Franciscan and ultramafic rocks are covered by th* Cretaceous marine sedimentary sequence, and the anticlinal structure terminates in a syncline in Cottonwood Canyon.
The northeastward-dipping Cretaceous section of Orchard Peak was elevated on the northeast-dipping reverse fault along which the southern Diablo Range was elevated. Scattered well data in the adjacent part of Antelope Valley suggest that the Cretaceous rocks of the foothills were elevated on another reverse fault against Miocene rocks1 to the south.
PARKFIELD-TURKEY FLAT AREA
The structure of the foothills southwest of the Diablo Range uplift is essentially that of a syncline that trends northwest through Turkey Flat. This structural feature involves Pliocene and Miocene sediments that overlie Lower (?) Cretaceous and Franciscan rocks, and to the southeast it becomes one of several small folds, cut and displaced rightlaterally by many north-trending faults.
TEMBLOR RANGE
The northwestern Temblor Range within the mapped area is structurally complex. The Miocene rocks, which lie unconformably on Cretaceous and Franciscan rocks, are compressed into many northwest-trending folds. The Cretaceous rocks dip regionally to the northeast and are locally folded. The Franciscan and ultramafic rocks, with some mixtures of Cretaceous rocks, appear to be present adjacent to the San Andreas fault for an extent of possibly 23 miles but are in large part concealed beneath a thin cover of the Paso Robles Formation. The exposed parts of these pervasively sheared rocks include large masses of serpentinite, and an unknown amount of this rock may be concealed by the Paso Robles Formation.
GOLD HILL AREA
Exposures of crystalline basement rocks at and near Gold Hill and northwest of Parkfield are unconformably overlain by Eocene (?) rocks. All these rocks form a fault slice as wide as 2 miles on the northeast side of the San Andreas fault, dissimilar to any other rocks in the mapped area northeast of the San Andreas fault. The basement rocks are generally similar to those southwest of the San Andreas fault, but rocks of Eocene age are not known to occur southwest of the fault within the mapped area. As the Gold Hill fault that bounds this slice on the northeast is exposed at few places, its char-acter is not definitely known. East of Gold Hill, it appears to be a near-vertical zone of gouge as wide as 15 feet. There is no indication of any activity on this fault, and it appears to have been long dead. This slice may have been emplaced in middle or late Tertiary time.
SOUTHWEST OF SAN ANDREAS FAULT
The area southwest of the San Andreas fault is deformed within a few miles of the fault and near the San Juan fault. Northwest of Cholame the Miocene rocks are gently compressed into folds whose axes |: trend about N. 50° W. The unconformably overlying Paso Robles Formation is, within 3 miles of the San Andreas fault, deformed into many minor folds with axes of similar trend. All these folds must have formed by right-lateral drag on the San Andreas fault.
The only major fault within the Salinian block in the mapped area is the San Juan fault which, in the Red Hills uplift on the east side of the fault, exposes granitic basement and overlying Miocene rocks. This fault extends southward for many miles. Northward it disappears below the Paso Robles Formation, but an en echelon alinement of northwest-trending minor folds in that formation suggests a continuation of the fault below the Paso Robles. These and other minor folds associated with the San Juan fault suggest that movement on this fault also is right lateral. As will be noted in a later section, gravity data suggest that a prominent subsurface fault may extend from the exposed San Juan fault at the Red Hills uplift southeastward to the San Andreas fault near the southeastern corner of the mapped area.
GRAVITY AND MAGNETIC FEATURES
GENERAL PATTERNS
GRAVITY TRENDS
The gravity field in the mapped area is characterized by a regional gradient of about 2 mgal per mile which decreases toward the northeast and is interrupted by a broad gravity high northeast of the San Andreas fault near Cholame. Smaller perturbations of the regional field occur northeast of the fault as anomalies near Table Mountain , the Kettleman Plain, Palo Prieto Pass, and Bitterwater Valley and southwest of the fault near Red Hills, San Juan Valley, and the Estrella River valley. The northeastward decrease of the regional field may be caused partly by a northeastward thickening of the continental crust, perhaps coupled with a northeast-ward decrease in average density of the lower continental crust and upper mantle, as proposed by Thompson and Talwani (1964) for an are* to the north. However, part of what would ordinarily be considered the regional field is attributed to large anomalous concentrations of high-or low-density masses within the upper 10 miles of the crust.
MAGNETIC TRENDS
The magnetic field within the area studied is characterized by two conspicuous positive anomalies : (1) a narrow elongate high that trends nearly parallel to Table Mountain over much of its extent, and (2) a broad elliptical high that spans the San Andreas fault near Palo Prieto Pass (pi. 2). Each of the positive anomalies has an associated polarization low developed over relatively nonmagnetic terrane to the north. The anomalies are superposed on a regional field that increases uniformly toward the north-northeast. Coast and Geodetic Survey charts indicate that the gradient of this regional field as estimated from the aeromagnetic map is greater than that attributable to the dipolar component of the earth's field by about 5 gammas per,irile in a northeast direction. This residual gradient, if due to interpolation uncertainty resulting from use of small-scale charts, may reflect an average northeastward increase in magnetization of that part of the earth's lower crust above the Curie isotherm. The dipolar regional field of 9 gammas per mile increasing north-northeastward has been removed from plate 2.
ANOMALIES NORTHEAST OF SAN ANDREAS FAULT
GRAVITY HIGH AT CHOLAME VALLEY
The salient feature of the gravity map is a broad high northeast of the San Andreas fault that peaks about 7 miles north-northwest of Cholame. This feature consists of a 10-mgal doublet covering some 40 square miles superposed on a much broader 20-mgal high covering perhaps 300 square miles. The anomaly is associated with a terrane of Franciscan rocks, intruded in part by ultramafic rocks, and overlying Cretaceous miogeosynclinal rocks. This terrane is covered in places by sedimentary rocks.
Although the principal source of the gravity high appears to be a combination of Franciscan and miogeosynclinal Cretaceous rocks in contact with lower density sedimentary rocks to the northeast and southwest, the configuration of the anomaly is probably much influenced by subsurface serpentinites and slightly influenced by a single plutonic rock sliver and folded sedimentary rocks. The highest part of the anomaly north-northwest of Cholame is associated primarily with serpentine-deficient Franciscan rocks similar to those associated with a major positive gravity anomaly northwest of Panoche Valley in the Diablo Range, about 60 miles northwest of the mapped area. (See Bishop and Chapman, 1967 .) The decrease in gravity at the northeastern flank of the anomaly is largely caused by a thick northeast-dipping sequence of miogeosynclinal Cretaceous rocks and overlying lower density Cenozoic rocks. The steep southwestern flank of the anomaly is produced by a combination of Franciscan rocks northeast of the San Andreas fault in contact with granitic rocks of similar density overlain by lowdensity rocks of the Paso Robles Formation southwest of the fault.
One possible subsurface density profile across the gravity high at Cholame Valley is shown in generalized form in figure 2. The computed anomaly associated with the idealized density section compares favorably, though approximately, in shape and amplitude with the observed anomaly. It will be noted that density units used in figure 2 and elsewhere in the report need not correspond uniquely to particular stratigraphic units. an average density 0.05 g/cm 3 greater than that of Salinian basement rocks. The configuration of the gravity high appears to be strongly controlled on the north and south by two major subsurface accumulations of serpentinite, as interpreted on the basis of positive magnetic anomalies. At the northern flank of the high near Table Mountain , an inferred steeply dipping tabular serpentinite mass below exposed serpentinites and tectonic breccia produces a shallow negative gravity trough. Southeast of Cholame the southeastern flank of the Cholame high is depressed, though somewhat less conspicuously, about 4 miles north of Palo Prieto Pass, where magnetic data suggest a deeply buried magnetic mass. In the absence of these lower density subsurface masses, the Cholame high would appear as an asymmetrical northwesttrending gravity ridge, approximately parallel to the outcrop pattern of Franciscan and miogeosynclinal Cretaceous rocks in the area.
The doublet configuration of the highest part of the gravity anomaly may be attributed in part to the gabbro of Gold Hill and to the serpentinite along the Gold Hill fault. The plutonic rock at Gold Hill is as much as 0.2 to 0.5 g/cm 3 denser than most surrounding rocks, and this density contract probably contributes significantly to the local gravity peak at Gold Hill. The intervening gravity saddle to the southeast may be caused in part by the serpentinized ultramafic rocks cropping out along the Gold Hill fault between the local gravity peaks. Both gravity and magnetic data indicate that the subsurface volume of these ultramafic rocks is small. The southeastern local peak may be interpreted as a relative high associated with Franciscan rocks in contact with serpentinized ultramafic rocks and folded Cenozoic sedimentary rocks. Other relative highs associated with Franciscan or miogeosynclinal Cretaceous rocks, in places partly covered by Cenozoic sedimentary rocks, are the segmented gravity ridge immediately northeast of Table Mountain , the local positive gravity anomalies west and northwest of Antelope Valley, and the gravity ridges north and west of Bitterwater Valley.
An idealized cross section Ihrough the center of the gravity high at Cholame Valley is shown as profile A-A' on plate 4.
ANOMALIES AT TABLE MOUNTAIN
A relatively narrow, arcuate magnetic ridge that trends parallel to and northeast of the San Andreas fault at the northwest corner of the mapped area (pi. 2) bends east-southeastward northeast of Park-field to follow the trend of Table Mountain . This anomaly, about 150 gammas in amplitude at a level 0.6 mile above mean topography, has a symmetry axis slightly south of the Table Mountain ridge line, which terminates near the extinction of the ultramafic outcrop belt 10 miles east of Parkfield. The position of the elongate magnetic high is thus somewhat south of the elongate gravity low, which is more directly centered over the Table Mountain ridge axis, although both anomalies presumably are generated by a common source. It is clear that both features are associated over their entire extent with highly serpentinized ultramafic rocks, as described by Dickinson (1966a) , and that their subsurface source is serpentine-rich rocks.
The shape of the magnetic anomaly precludes the possibility that the main part of the source is a vertical tabular body, provided that total magnetization nearly parallel to the earth's ambient magnetic field is assumed. Rather, the anomaly is consistent with that produced by a tabular source that dips northward to northeastward. Because the effect of remanent magnetization on the direction of total magnetization is unknown, interpretation of the magnetic source relies significantly on the Bouguer gravity data (pi. 1).
Observed aeromagnetic and gravity profiles extending from Gold Hill northward to lat 36° 00' N., long 120° 20' W. across the magnetic high and gravity low at Table Mountain are shown in figure  3A , B, and C with computed anomalies of various models. Both the magnetic and gravity anomalies of the vertical tabular model shown in Figure 3A are inconsistent with the shapes of observed anomalies. Figure 3C indicates that if a vertical-sided model is invoked as a magnetic source at depth, it must be accompanied by a north-dipping tabular body adjacent to it. A single north-dipping body, shown in Figure 3B generates magnetic and gravity anomalies similar to those observed. The top of this model, however, is probably deeper than the top of most of the material of the actual magnetic source, and assumptions of model magnetization and density contrasts are probably higher than those of the actual source.
Two points must be made about the gravity anomalies. First, the observed gravity anomaly can be considered a nearly symmetrical low by subtracting a linear regional field from the original anomaly and interpreting this regional field in terirs of lateral thickening of the earth's lower crust and lateral uniform changes in density in the earth's lower crust or upper mantle. Part of the regional field should undoubtedly be interpreted in this fashion. However, it seems compelling to postulate that many relatively broad gravity gradients, such as the gradient of the observed gravity anomaly at Table Mountain , are caused by anomalous-concentrations or deficiencies of mass of considerable size within the upper 10 miles of the earth's crust. The evidence here seems especially convincing, for a vertical-sided body generating a symmetrical gravity low would have to assume a shallow magretization inclination to match the symmetry of the observed magnetic feature. The magnetic anomaly peak of such a model, though nearly symmetrical, would be displaced considerably southward from the observed magnetic anomaly peak, assuming the competed and observed gravity anomalies are horizontally registered. Second, the abrupt rise of the gravity anomaly at the south end of the profile is attributable in part to the dense hornblende quartz gabbro body of Gold Hill. Computed anomalies for mode^ should therefore have a southern gradient somewl^at lower than that of the observed anomaly, as is the case for models in figure 3A , B, and C.
As additional information in interpreting the anomaly source at Table Mountain, aerc magnetic data along the single transverse flight line through the study area are shown in figure 3Z> . Th<> path of this line, shown on plate 2, passes approximately 2 miles northwest of Gold Hill and intersects the easternmost part of Table Mountain . A model that satisfies the anomaly requirements for the magnetic source along this profile is a tabular bod;T to 2 to 21/2 miles thick that crops out at ground surface and dips 75° NE. to a depth of about 10 miles, with a total magnetization contrast of 0.0005 emu/cm 3. The magnetic and gravity data collectively indicate that the magnetic source of the anomaly at Table Mountain is about 2^2 miles thick over most of its extent, dips 45° to 75° northward to northeastward with the dip steepening along strike toward the east, has a roof that for the main part of the mass is from 0 to */2 mile deep and a floor possibly 10 miles deep, and has an average negative density contrast with surrounding rocks of about 0.25 g/cm 3 and an average total magnetization intensity contrast with surrounding rocks of 0.0005 to 0.0010 emu/cm 3. We may note that the nearly vertical narrow fissure feeder of the serpentinite extrusion described by Dickinson (1966a) probably extends no more than 1,000 or 2,000 feet deep before it connects with the thicker north-dipping trunk body. Furthermore, the density and magnetization parameters obtained from model studies probably apply to mass and magnetic sources consisting of various amounts of serpentinite intermixed with brecciated Franciscan rocks. The degree of serpentization, and consequently the density and magnetization contrast, may depend significantly on depth, a parameter not considered in the modeling.
MAGNETIC HIGH AT PALO PRIETO PASS
The largest known magnetic anomaly along the San Andreas fault (in terms of amplitude and areal extent) is situated close to the fault trace southeast of Cholame, near Palo Prieto Pass. The total-intensity anomaly, delineated by five out of seven longitudinal flight lines in the reconnaissance survey, reaches a maximum of 400 gammas at an elevation of 0.85 mile above mean land-surface altitude. The anomaly is approximately elliptical in plan view, with its major axis alined along the fault trace. The feature, as contoured from the aeromagnetic data, extends for approximately 8 miles on either side of the fault and for about 20 miles along the fault.
The location of part of the anomaly at Palo Prieto Pass directly over the fault trace suggests the possibility of a single subsurface source which partly transects the fault or, alternatively, a compound source of materials which occur on opposite sides of the fault and are fortuitously adjacent to one another in the subsurface. As an aid to understanding possible locations of the buried magnetic source rocks relative to their associated anomaly, total-field anomalies of eight magnetic models are compared with the observed magnetic anomaly in figure 4 . It may be noted that models striking 45° W. of magnetic north and having a magnetization inclination of 60° generate magnetic anomalies that are centered south of the plan-view centers of the models.
Comparison of anomalies produced by models with identical volumes, magnetizations, ard depths of burial ( fig. 4A, B, C) indicates that the symmetry of the computed anomaly depends on the dip of these bodies. Anomalies shown in figure 4A and B appear to have northeast gradients greater than the gradient associated with the observed anomaly. Thus, in figure 4A the southwest-dipping dike bounded by a hypothetical southwest-dipping San Andreas fault and in figure 45 the vertical prism bounded by a hypothetical vertical fault may be tentatively dismissed as probable sources on the basis of anomaly symmetry. The northeast-dipping dike of figure 4C and the trapezoidal cross-section models cf 4Z), E, F, G, and H generate anomalies similar in shape to the observed anomaly.
Vertical-intensity ground magnetic data over the southeastern part of the mapped area (pi. 3) generally confirm the shape, amplitude, and areal extent of the anomaly at Palo Prieto Pass but define its location more precisely than the aeromagnetic data. The vertical-field anomaly is about 500 gammas in amplitude, with a few local spikes of more than 1,000 gammas (not contoured), and its major axis is displaced 1 to 2 miles northeast of the aeromagnetic anomaly axis, which is coincident with the San Andreas fault. A small part of the northeastward displacement of the vertical-field anomaly relative to the total-field anomaly is to be expected on the basis of theoretical calculations of magnetic field components generated by sources magnetized parallel to the earth's magnetic field in the area. This displacement may be seen for computed anomalies of total-and vertical-field intensity of given models shown in figures 5 and 7 and discussed below. The remainder of the anomaly shift is an expression of the more accurate location of the vertical-field anomaly, which was contoured on the basis of data more densely and uniformly distributed than the aeromagnetic data.
A more detailed inspection of plate 3 suggests that the source of the observed anomaly has a planview strike length of approximately 13 miles, a total magnetization within the range of 0.002 to 0.005 emu/cm 1, a roof 4 to 6 miles wide and 2 to 3 miles below ground level, and a floor 10 to 12 miles wide and perhaps 8 to 10 miles below ground level (floor level would represent Curie isotherm level). It is evident that if the source material is magnetized approximately parallel to the earth's ambient field, the northeast periphery of the body must dip northeastward.
Because of the inherent lack of precision in the aeromagnetic contouring due to the wide spacing of flight lines and to the possible bias of the central flight line on the contouring, it is instructive to compare both total-and vertical-field anomalies of selected models with the observed anomalies. It should be noted that the aeromagnetic data and vertical-intensity ground magnetic data are independent of one another; both component anomalies must be satisfied by a given model that is to be considered analogous to the natural magnetic source.
Total-and vertical-field anomalies of eight models striking 45 ° W. of magnetic north and dipping northeastward are compared with the observed aeromagnetic and vertical-intensity ground magnetic anomalies in figure 5. Of the models shown, the simple trapezoidal cross-section form of figure 5A most closely satisfies both observed anomalies. The models in B, C, and D were constructed on the possibility that the magnetic source is serpentinerich. The model in B represents a stratiform body that is more highly serpentinized on top than on the bottom owing to a gross decrease in water content with depth. The model in C simulates an originally fresh ultramafic body whose periphery has been serpentinized; the model in D combines the horizontal layering of B and the carapace of C. The models in E, F, G, and H of figure 5 represent, respectively, an asymmetrical anticlinal body, a bent tabular body, a thick dike, and a thin dike. It may be noted that it is possible to constrain more of the material of the models in A, B, C, and D northeast of the San Andreas fault (shown relative to the observed anomalies) than the models in E through H. For this reason the source of the anomaly at Palo Prieto Pass is postulated to be trapezoidal in cross section, with its southwest side abutting the vertical San Andreas fault and its northeast side dipping approximately 45° NE. Analyses of the models in B, C, and D and other relatively complex models not shown have indicated the facility of matching either the total-or vertical-field observed anomaly by choosing a suitable combination of physical parameters such as body geometry and magnetization distribution but have also indicated the diff",ulty of matching both anomalies with the observed ones. A simple, though suitable, source for the anomaly at Palo Prieto Pass shown in figure 4A is assumed to possess a uniform average total magnetization intensity contrast of 0.002 emu/cnr5. The roof of the source is taken to be 6 miles wide and 3 miles below ground surface; the floor of the source, 12 miles wide and 9 miles deep. It should be emphasized that the depth below ground level to the floor of the source can be much less accurately estimated than the depth to the top of the source because volumes of magnetic rock far from the magnetic field detector are not as strongly sensed as volumes closer to the detector. The location of the southwest edge of the model just southwest of the San Andreas fault reference line in figure 2A is considered to result from inherent uncertainty in the observed data and in the anomaly-matching process, which together may represent as much as half a mile of horizontal distance.
Although the model anomalies shown in figures 4 and 5 indicate that a possible source for the anomaly at Palo Prieto Pass may be constrained to the northeast side of the San Andreas fault, the geologic presence of the Red Hills uplift (pi. 1) southwest of the fault suggests the possibility that Salinian basement rocks may contribute significantly to the southwestern flank of the anomaly. Results of the ground magnetic survey, which in par1; covered the uplifted basement area, indicate that these plutonic and metamorphic rocks are not sufficiently magnetic to appreciably affect the observed anomaly. The relatively simple geometric configuration of the observed anomaly also suggests that it has a single magnetic source.
The source material for the anomaly at Palo Prieto Pass is not definitely known. Geologic mapping within the study area indicates that three rock types might be capable of possessing the requisite magnetization of 0.002 emu/cm 3 : (1) plutonic rocks, found as blocks within the fault zone, as outcrops southwest of the fault, and in drill holes southwest of the fault, (2) mafic volcanic rocks, found in a small isolated outcrop within Tertiary sedimentary rocks northeast of the fault, and (3) serpentinites and associated ultramafic rocks, found as sheets and pods of limited outcrop extent northeast of the enough to produce the anomaly, and found ir Franfault. Other rock types that might be magnetic ciscan terrane to the north, are gabbro and spilitic basalt. (See Gromme and Gluskoter, 1965; Griscom, 1966; Wentworth, 1968.) Because the source of the anomaly is believed to be confined to the northeast side of the fault, samples of potentially magnetic rock types were collected for magnetic measurement along, and northeast of, the fault zone in the mapped area. Sampling sites are shown in figure 6. North of Cholame, sampling site numbers are prefixed by N, and the sites consist of six outcrops of serpentinite and one outcrop of hornblende quartz gabbro. South of Cholame, sampling site numbers are prefixed by S, and the sites consist of six outcrops of serpentinite and one outcrop of volcanic rock. Remanent magnetization was not measured because outcrops suitable for collecting oriented samples were absent in critical areas. Susceptibility measurements of powdered samples were made to establish possible limits on the induced magnetization of the anomaly source. Generalized results of the susceptibility results are summarized in table 4. The data indicate that (1) susceptibility values of serpentinite and associated (4) volcanic rocks east of Palo Prieto Pass have weak susceptibilities, about 10"4 emu/cm3. It would appear that the occurrence of sporadic outcrops of ultramafic rocks and serpentinite just northeast of Palo Prieto Pass to a distance of 5 miles northeast of the fault, together with the susceptibility data, almost certainly points to an anomalous subsurface source of highly magnetic serpentinite. However, as seen on plate 2, outcrops of ultramafic rock and serpentinite such as those northeast of Cholame and southeast of Gold Hill have no aeromagnetic expression.
The single most important contribution to the analysis of the magnetic source at Palo Prieto Pass is the Bouguer gravity map. (See pi. 1.) Ir the area of the postulated subsurface body, the gravity field conspicuously flattens, which forms a shallow trough between Palo Prieto Pass and Polonio Pass, 5 miles to the north. Although part of the shallow depression is caused by Tertiary sedimentary rocks in a northwest-striking syncline, the broad flattening of the gravity field is attributed to deeper crustal rocks having an average density less than that of the Franciscan assemblage or the Cretaceous marine sedimentary sequence. Among the rock types considered as possible sources of the magnetic anomaly, gabbros and mafic volcanic rocl~s should have densities greater than, or at least equal to, the average Franciscan rock density, whereas serpentinite should have a density less than the average Franciscan rock density. Thus, we conclude that the most likely source of the magnetic anomaly at Palo Prieto Pass is serpentinized ultramafic rock. Because of the probable high load pressures and limited amounts of sorbed water at the body's depth of burial, the average density is believed to be higher than the average density of serpentinites at Table
Mountain. An idealized cross-sectional model across the San Andreas fault at Palo Prieto Pass is shown in figure 7 , with observed and computed magnetic and gravity anomalies.
The susceptibility data further indicate that the required magnetization intensity of 0.002 emu/cms can be realized by the induced magnetization alone of a number of serpentinite samples. Samples with susceptibilities exceeding 4 X 10~3 emu/cm3 have more than enough induced magnetization to produce the anomaly at Palo Prieto Pass. If magnetization data of serpentinites at Burro Mountain (Burch, 1965) and Red Mountain (Saad, 1968) to the west and north of the study area are at least roughly applicable to serpentinites within the study area, the remanent magnetization intensity is less than the induced magnetization intensity, but probably by no more than a factor of two. Thus, in the two extremes of remanent magnetization parallel or antiparallel to the induced magnetization, susceptibilities of about 0.003 or 0.008 emu/cm3 are required to produce the observed anomaly, assuming a remanent magnetization intensity of one-half of the induced magnetization intensity.
Remanent magnetization directions within the source rock may also be sufficiently random that considerable cancellation of magnetization occurs. If they are, the resultant remanent magnetization intensity over the volume of the body may be an order of magnitude less than the induced magnetization intensity. Further, the magnetic body may have obtained a viscous remanent magnetization parallel to the earth's ambient magnetic field. In either case, the total magnetization would assumfe a direction more nearly parallel to the earth's ambient field, thus validating the assumptions of total magnetization direction in the model studies. The occurrence of both highly random remanent magnetization directions over small rock volumes and viscous remanent magnetization have been reported by Burch (1965) and Saad (1968) in studies of California serpentinites.
An idealized cross section through the major magnetic anomaly at Palo Prieto Pass is shown as profile B-B' on plate 4. Why there are no great surficial accumulations of serpentinite in the Palo Prieto Pass area above the postulated subsurface body is not known. If, however, this mass was em-placed during Pliocene and Pleistocene time as postulated by Dickinson (1966a) for the Table Moun tain body, possibly insufficient geologic time has elapsed for extensive diapiric intrusion of tl^ subsurface material into loci of Pleistocene and Holocene faulting.
OTHER GRAVITY FEATURES
A conspicuous gravity trough over the Kettleman Plain near the northeast corner of the mapped area is associated with low-density Cenozoic sedimentary rocks in the Avenal syncline. Immediately northeast, the gravity field rises abruptly over the Kettleman Hills anticline. The amplitude of the negative anomaly over the Kettleman Plain suggests that dense Cretaceous rocks here may be as deep as 25,000 feet, perhaps about 10,000 feet deeper than similar rocks beneath the Kettleman Hills anticline. The gravity field continues to increase just northeast of the mapped area over domal structures in the Kettleman Hills. (See Boyd, 1948.) The gravity map suggests that the exotic plutonic fault slice at Gold Hill, north of Cholame, has no appreciable subsurface extent northwest of the main exposed mass, where isolated fragments of other plutonic slices occur. The data indicate that, from Gold Hill northwest to serpentinite outcrops northwest of Table Mountain , average densities of rocks on opposite sides of the San Andreas fault are similar. A single narrow gravity ridge issues northwestward from the high at Cholame Valley, near Gold Hill, crosses the San Andreas fault, ard continues about 12 miles northwestward out of tl s map area (Burch and Durham, 1970; Burch and others, 1971) .
GRAVITY ANOMALIES SOUTHWEST OF SAN ANDREAS FAULT
The gravity map southwest of the San Andreas fault is characterized by a local high near Red Hills, a somewhat discontinuous trough near San Juan Valley, and a broad, slightly positive feature near the Estrella River valley.
The prominent local high centered 2 miler north of Red Hills is associated with an uplift of Salinian basement rocks on the northeast side of the San Juan fault. The amplitude of the anomaly suggests that the Salinian basement is vertically offset approximately 1 mile along the fault. The position of the anomaly peak about 2 miles north of Red Hills suggests that the Salinian basement may be anomalously dense beneath the sedimentary cover there. The southeasterly trend of the southern flank of the anomaly near Red Hills suggests that a subsurface basement discontinuity may intersect both the San Juan and San Andreas faults near the southern end of the mapped area. The lowest gravity values southwest of the San Andreas fault are within a discontinuous northwest-trending trough associated with low-density Cenozoic sedimentary rocks and deposits near San Juan Valley. This trough passes IVs miles east of Shandon and turns abruptly west-southwest at a point about 5 miles north of Shandon. Anomaly amplitudes and well data suggest that Salinian basement may be approximately 10,000 feet deep in the southern part of the low and perhaps 8,000 feet deep north of Shandon.
The broad northeast-trending gravity plateau near the junction of Shedd Canyon and Estrella River, 4 miles west-southwest of Shandon, is believed to represent a thinning of sedimentary rocks overlying an extension of basement rocks cropping out in the LaPanza Range southwest of the mapped area. The weak 2-mgal chevron-shaped high that is superposed on this gravity plateau and that follows the topographic lows of the Estrella River valley and Shedd Canyon results from the use of a Bouguer reduction density (2.67 g/cm3 ) considerably larger than that of the Cenozoic rocks and deposits in this area. A similarly caused positive gravity flexure occurs over the valley of Cholame Creek, about 3 miles southwest of Cholame.
SUMMARY
Because of the great contrasts in lithology and structure of rocks on opposite sides of the San Andreas fault, as determined by geologic mapping and from well data, it is not surprising that gravity and magnetic features are quite dissimilar on opposite sides of the fault. The most conspicuous anomalies occur on the northeast side of the fault. They include (1) the largest gravity high within the mapped area, between Parkfield and Cholame, associated with Franciscan and Cretaceous miogeosynclinal rocks, (2) the elongate magnetic ridge and gravity trough at Table Mountain, presumably generated by a thick tabular serpentinite body dipping north-northeast, inferred to be the principal source of the serpentinite extrusion along this mountain, (3) the largest magnetic anomaly within the mapped area, which is also the largest anomaly known along the on-land part of the San Andreas fault, an elliptical high in an area of low gravity gradient, probably associated with a large deeply buried serpentine-rich body just northeast of the fault, and (4) a northwest-trending gravity low over the Kettleman Plain, probably reflecting a thickening of low-density Cenozoic sedimentary rocks near the axis of a major syncline.
The less conspicuous anomalies southwest of the San Andreas fault include (1) a local gravity high north of Red Hills, associated with an uplift of crystalline rocks in these hills on the northeast side of the San Juan fault, (2) a northwest-trending gravity gradient southeast of Red Hills, whi^h suggests a buried basement fault or a steep subsurface contact between basement and sedimentary rocks from the San Juan fault southeastward to the San Andreas fault near the southern end of th^ quadrangle, (3) a discontinuous northwest-trending gravity trough east and north of Shandon, probably associated with low-density sedimentary rocks filling a depression of the basement surface near San Juan Creek, and (4) a broad northeast-trending gravity plateau west-southwest of Shandon, probably associated with a thinning of sedimentary rocks overlying a shallow basement surface that slopes from the extensive basement exposures of the La Panza Range southwest of the quadrangle.
The idealized cross sections of plate 4 pass through the areas of the largest gravity (A-A') and magnetic (B-B') anomalies within the mapped area. These cross sections illustrate the contrast in degree of deformation of upper crustal rockr on opposite sides of the San Andreas fault. Of special note in the sections is that, within the mapped area, typically magnetic serpentinite like that within the contact between Franciscan rocks and Cretaceous marine sedimentary rocks in parts of the northern California Coast Ranges (Irwin and Bath, 1962) is either absent or its volume is too small to be detected in the magnetic and gravity surveys.
